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EFFECTS  OF  MELATONIN  ON  DIURNAL  MOOD 
SUMMARY 

The  pineal  hormone  melatonin  influences  the  htoman  circadian 
timing  system  by  signalling  the  nocturnal  phase.  Melatonin's 
effect  on  diurnal  fatigue  in  humans  has  been  well  documented. 

The  ability  of  melatonin  to  influence  other  mood  states  out  of 
it's  normal  nocturnal  circadian  phase  was  evaluated.  Effects 
comparing  servim  and  salivary  levels  and  on  oral  temperature  were 
also  determined.  The  study  was  conducted  at  the  Sustained 
Operations  Branch  of  Armstrong  Laboratory  at  Brooks  Air  Force 
Base  during  July  and  August  of  1992.  The  6  male  sxibjects  were 
unpaid  volunteers.  Either  melatonin  (100  mg  and  10  mg)  or 
placebo  was  administered  in  a  randomized  and  within  groups 
design,  orally,  in  gelatin  capsules  at  about  0915,  on  three 
successive  Saturdays,  after  a  normal  nights  sleep.  Salivary 
melatonin  was  significantly  correlated  with  plasma  levels  provid¬ 
ing  a  simpler  means  to  assess  melatonin.  There  was  a  dose 
dependent  rise  in  melatonin  levels.  The  100  mg  dose  of  melatonin 
produced  effects  on  fatigue  and  confusion  mood  dynamics.  An 
interaction  of  melatonin  with  time  occurred  in  oral  temperature. 
Melatonin  seems  to  be  well  tolerated  and  may  be  an  important  new 
sleep  promoting  compound  in  military  operations  if  further 
studies  warrant. 
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INTRODUCTION 


The  pineal  hormone  melatonin  is  an  important  chemical 
messenger  for  synchronizing  the  mammalian  circadian  system 
(Armstrong,  1989) .  Melatonin  is  the  chemical  signal  of  darkness  in 
that  the  presence  of  melatonin  communicates  the  nocturnal  circadian 
phase  (Reiter,  1991b) .  Melatonin  currently  commands  growing 
interest  and  importance  in  the  scientific,  medical,  and  popular 
media.  This  paper  presents  a  brief  review  of  melatonin's  neuro¬ 
physiology  and  then  describes  an  experiment  assessing  melatonin's 
ability  to  affect  diurnal  mood. 

Within  the  pinealocytes ,  melatonin  is  synthesized  from  the 
amino  acid  tryptophan,  which  is  actively  taken  up  from  the  blood 
stream.  This  synthesis  occurs  by  the  hydroxy lation  and  decarbox¬ 
ylation  of  tryptophan  to  form  serotonin.  Serotonin  is  subsequently 
N-acetylated  by  serotonin  N-acetyl transferase  (SNAT) ,  the  rate- 
limiting  step  in  melatonin  synthesis  (Klein,  1970;  Klein,  1979). 
This  enzyme's  activity  is  increased  30-  to  70-fold  during  darkness, 
leading  to  melatonin  production  almost  exclusively  at  night  under 
normal  conditions.  The  final  enzyme  in  the  production  pathway  is 
hydroxyindole-O-methyl  transferase  (HIOMT) .  HIOMT  levels  are 
usually  higher  at  night,  but  to  a  lesser  extent  than  SNAT.  Wurtman 
showed  the  inherent  rhythmicity  of  pineal  function  in  1963  using 
serotonin,  melatonin,  and  HIOMT  (Wurtman,  1963).  This  light-dark 
variation  in  melatonin  synthesis  is  the  essential  feature  high¬ 
lighting  the  central  role  of  the  pineal  in  circadian  physiology 
(Arendt,  1988) .  High  affinity  binding  sites  for  melatonin  are 
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present  in  the  adult  suprachiasmatic  nuclei  (SCN) ,  suggesting  that 
melatonin  affects  the  primary  circadian  oscillator  directly 
(Reppert  ,  1988) . 

Melatonin  is  released  from  the  pinealocytes  directly  into  the 
cerebral  spinal  fluid  and  the  blood  stream.  The  stimulus  for  the 
nocturnal  increase  in  melatonin  synthesis  is  provided  by  electrical 
activity  originating  in  the  suprachiasmatic  nuclei  (SCN) .  Of 
primary  importance  in  the  generation  of  the  circadian  melatonin 
rhythm  is  the  neural  information  that  arrives  at  the  pinealocytes 
via  postganglionic  sympathetic  neurons  whose  cell  bodies  are  in  the 
superior  cervical  ganglia.  The  major  neurotransmitter  within  the 
sympathetic  nerve  terminals  in  the  pineal  is  norepinephrine.  The 
release  of  norepinephrine  allows  for  its  interaction  with  post- 
synaptic  receptors  in  the  pinealocyte  membrane  (Reiter,  1991c) . 
Since  melatonin  is  highly  lipophilic,  it  easily  crosses  the  blood- 
brain  barrier  (Reiter,  1991a) .  Pervasive  melatonin  binding  sites 
and  receptors  have  been  reported  both  centrally  and  peripherally 
(Stankov,  Fraschini,  Reiter,  1991;  Stankov  &  Reiter,  1990) .  Due  to 
its  high  diffusibility,  melatonin  can  also  enter  cellular  and  sub- 
cellular  components  (Reiter,  1993). 

Studies  have  shown  that  the  daily  administration  of  melatonin 
exerts  physiologic  effects,  including  feelings  of  fatigue  (Arendt, 
1984) .  It  has  been  found  that  an  acute  dose  of  melatonin  (50  mg, 
p.o.)  increased  subjective  feelings  of  fatigue  when  given  in  the 
morning,  0900,  but  not  in  the  evening,  1900  (Nickelsen,  1989) . 
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Dollins  noted  that  melatonin  ingestion  increased  feelings  of 
sleepiness  and  fatigue  at  lower,  more  physiologic  doses  than 
previously  reported.  Dollins  and  coworkers  used  oral  melatonin 
doses  of  10  mg,  20  mg,  40  mg  and  80  mg  (Dollins,  1993) . 

The  daytime  administration  of  high  levels  of  exogenous 
melatonin  does  not  improve  nighttime  sleep  (Anton—Tay,  1971). 
Exogenous  melatonin,  administered  at  night,  after  the  body's  own 
nighttime  melatonin  secretion  has  been  initiated,  does  not 
interfere  with  normal  sleep  (James,  1987) .  James  reported  an 
increase  in  rapid  eye  movement  (REM)  latency  following  nocturnal 
melatonin  administration  (5  mg,  p.o.)  to  normal  subjects  and  as 
little  as  1  mg  of  melatonin,  p.o.  to  insomniacs  (James,  1990) . 
Cramer  reported  shorter  sleep  latencies  in  his  subjects  given 
melatonin  at  2130  hrs.  without  affecting  significantly  any  other 
nighttime  sleep  parameters  (Cramer,  1974) . 

It  has  been  hypothesized  that  melatonin  serves  as  a  signal  to 
the  sleep-wake  system  that  it  is  time  to  sleep.  Administering 
exogenous  melatonin  before  the  endogenous  signal  has  been  sent  can 
facilitate  the  initiation  of  sleep  (Dollins,  1994)  while  adminis¬ 
tering  exogenous  melatonin  after  the  endogenous  signal  has  been 
sent  may  have  little  effect  (Ferini-Strambini,  1992).  The  time  of 
this  hypothetical  endogenous  melatonin  signal  may  be  close  to  the 
dim  light  melatonin  onset  (DLMO)  time  (Lewy,  1992).  The  DLMO  is 
used  as  a  circadian  reference  point,  that  can  reliably  assess  small 
changes  in  circadian  phase  position.  The  hypothetical  endogenous 


4 


mela'tonin  signal  may  reflect  a  threshold  of  circulating  melatonin 
above  which  sleep  is  actively  facilitated  and  below  which  sleep  is 
not  actively  facilitated. 

During  nighttime  sleep,  auditory  threshold  is  inversely 
associated  with  body  temperature.  Waldhauser's  studies  have  shown 
that  exogenous  melatonin  administration  may  have  reduced  the 
adverse  effects  of  noise  by  increasing  auditory  thresholds, 
especially  in  the  middle  part  of  the  night  (Waldhauser,  1990) .  In 
comparing  the  sleep  architecture  of  exogenously  administered 
melatonin  with  that  of  normal  sleep,  Cramer  has  shown  that 
melatonin  has  little  to  no  effect  on  sleep  architecture  (Cramer, 
1974) .  Currently  it  is  hypothesized  that  the  effects  of  exogenous 
melatonin  at  night  are  most  likely  due  to  the  pre-existing  presence 
of  high  levels  of  endogenous  melatonin  that  are  already  affecting 
the  sleep-wake  system. 

Anton-Tay  and  coworkers  reported  the  first  investigation  of 
melatonin's  daytime  sleep  inducing  effects  in  humans  (Anton-Tay, 
1971) .  Melatonin  had  large  hypnotic  effects  compared  to  placebo 
seen  initially  in  parieto-occipital  EEC  deactivation.  Melatonin 
also  increased  time  interval  estimates  of  successive  light  pulses 
and  slightly  increased  reaction  time.  Cramer  reported  that  the 
intravenous  administration  of  50  mg  of  melatonin  at  1600  hrs. 
facilitated  polygraphically  recorded  sleep  latency  (Cramer,  1974) . 
It  has  also  been  shown  that  the  intranasal  administration  of  1.7  mg 
of  melatonin  in  the  morning  will  induce  sleep  onset  (Vollrath, 
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1981) .  Lieberman  used  a  crossover  design  and  administered  80  mg 
oral  doses  of  melatonin  or  placebo  at  1200,  1300,  and  1400  to  14 
male  volunteers.  He  found  that  compared  to  placebo,  exogenous 
melatonin  decreased  oral  temperature,  and  increased  subjective 
self-ratings  of  fatigue,  sleepiness,  and  confusion  (Lieberman, 
1984) .  Melatonin  also  decreased  subjective  measures  of  activity 
and  vigor,  slowed  reaction  times  and  decreased  errors  of  commission 
oji  a  four  choice  reaction  time  task  (Lieberman,  1984) .  Doll  ins  and 
coworkers  were  able  to  replicate  these  effects  using  a  single 
melatonin  dose  at  1145  of  either  10,  20,  40,  or  80  mg.  All  doses 
of  melatonin  were  found  to  decrease  oral  temperature,  increase 
subjective  measures  of  fatigue  and  sleepiness  and  decrease 
subjective  self-ratings  of  vigor  and  activity  (Dollins,  1993) . 
Melatonin  also  slowed  psychomotor  reaction  times  on  a  four  choice 
task  and  impaired  accuracy  on  a  long-duration  (60  minute)  auditory 
vigilance  task.  This  same  range  of  doses  administered  at  0915  in 
the  morning  yielded  similar  effects.  Hughes  and  coworkers  used  a 
placebo  controlled,  doxable-blind,  crossover  design  to  assess  the 
hypnotic  efficacy  of  3  doses  of  exogenously  administered  melatonin 
(1,  10,  and  40  mg)  administered  at  1000.  All  doses  of  melatonin 
shortened  sleep  latency  when  compared  to  placebo.  The  higher  doses 
of  melatonin  increased  sleep  duration  in  a  four  hour  sleep  episode 
(1200-1600) .  The  sleep  architecture  of  melatonin  induced  naps  may 
be  more  like  physiological  nighttime  sleep  than  the  placebo  naps 
(Hughes,  1994)  .  Melatonin  did  not  yield  anterograde  amnesia  tested 
before  and  after  the  nap  and  did  not  impair  performance  tested 
after  the  nap.  MacFarlane  noted  that  the  daily  administration  of 
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melatonin  to  himans  exerted  physiologic  effects,  including  the 
subjective  enhancement  of  sleep  quality  (MacFarlane,  1991) .  From 
the  above  studies,  it  appears  that  melatonin  is  safe  when  adminis¬ 
tered  exogenously  and  is  efficacious  in  initiating  and  sustaining 
sleep.  In  addition,  Lewy  has  shown  that  exogenous  melatonin 
a^aministration  in  humans  phase  shifts  circadian  cyclicity  according 
to  an  established  phase-response  curve  (Lewy,  1992). 

Few  studies  have  looked  at  the  effects  of  melatonin  on 
multiple  mood  states.  Therefore,  a  high  and  a  low  dose  of 
melatonin  were  compared  for  effects  on  mood  and  temperature  in  a 
study  of  melatonin's  ability  to  affect  diurnal  mood.  A  goal  of 
this  study  was  to  add  further  dose  information  to  the  growing 
number  of  studies  showing  melatonin's  affect  on  fatigue  and  body 
temperature.  The  study  was  designed  to  provide  further  evidence 
for  melatonin's  affect  on  other  mood  states.  Finally,  salivary 
levels  of  melatonin  were  compared  with  blood  plasma  levels  to 
determine  the  efficacy  of  using  salivary  melatonin  levels  as  a  non- 
invasive  measure  of  blood  plasma  melatonin. 

METHODS 

This  study  was  conducted  in  four  separate  testing  sessions 
during  June  and  July  of  1992  in  a  human  testing  facility  at  Brooks 
AFB,  TX.  The  four  sessions  were  spaced  from  3  to  8  days  apart  and 
a  different  melatonin  was  given  during  each  session  (100  mg,  10  mg, 
either  1  mg  or  0  mg,  and  no  dose) .  The  six  subjects  were  all 
healthy,  male  volunteers,  and  ranged  in  age  from  20  to  42  years. 
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These  procedures  were  approved  by  the  Armstrong  Laboratory/Brooks 
AFB  Human  Use  Committee.  The  subjects  were  required  to  refrain 
from  the  consumption  of  alcohol  and  were  to  be  in  bed  by  2200  the 
nights  prior  to  each  of  the  testing  sessions .  They  were  to  consume 
no  drugs,  including  acetylsalicylic  acid  (aspirin) ,  or  caffeinated 
beverages  (coffee  or  tea)  .  The  subjects  were  to  eat  a  light 
breakfast  and  be  at  the  testing  facility  by  0800  on  the  days  of 
testing.  Upon  arriving  at  the  testing  facility,  each  siibject  had 
an  18  gauge  catheter  with  a  heparin  lock  implanted  in  a  forearm 
vein  for  blood  sample  withdrawal.  Each  sxibject  had  a  work  station 
where  they  could  sit  and  occupy  themselves  until  the  time  for 
salivary,  senom,  mood  or  temperature  samples  every  hour.  They 
could  not  sleep  during  the  study. 

All  six  stibjects  participated  in  each  of  the  four  testing 
sessions.  Subjects  were  given  the  assigned  dose  at  0915  in  a 
double-blind  manner,  and  the  capsule  was  consumed  with  fruit  juice. 
The  doses  were  randomly  assigned  for  each  test  session.  All 
subjects  received  100  mg  and  10  mg  doses  of  melatonin  on  one  of  the 
assigned  test  days  (n=6) .  Three  of  the  svibjects  received  1  mg  and 
three  received  0  mg  of  melatonin  on  an  assigned  test  day.  All 
subjects  were  again  tested  on  a  non— dose  day  using  identical 
testing  procedures  (n=6) ,  with  the  exception  that  serum  was  not 
collected  and  conditions  were  not  blinded. 

Serum  samples  were  obtained  from  each  volunteer  through  the 
foream  catheter  every  even  hour  starting  as  soon  as  the  catheter 
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was  in  place  at  0800,  1000,  1200,  1400,  and  1600).  Salivary 
samples  were  self-obtained  using  10  cc  syringes  to  aspirate  from 
the  oral  cavity  approximately  5  cc  of  saliva.  Salivary  samples 
were  obtained  hourly.  The  serum  and  salivary  samples  were 
immediately  centrifuged  at  3,000  rpm  for  a  minimxam  of  ten  minutes. 
The  supernatant  was  pipetted  off,  placed  in  labelled  tubes  and 
immediately  frozen  at  -70  degrees  F.  The  samples  were  stored  until 
they  could  be  assayed  for  melatonin  concentration.  Guildhay 
Radioimmunoassay  was  used  to  assess  the  serum  and  salivary  levels 
of  melatonin. 

The  School  of  Aerospace  Medicine  (SAM)  Fatigue  Scale,  oral 
temperature,  and  salivary  samples  were  taken  every  hour  (10 
readings)  whereas  the  serum  samples  and  the  Profile  of  Mood  States 
(POMS)  were  taken  on  the  even  hours  (5  readings) .  Immediately 
after  the  serum  samples  were  obtained,  the  subjects  completed  the 
POMS  questionnaire  (even  hours) .  The  POMS  is  a  self-report  scale 
that  consists  of  65  adjectives,  each  of  which  is  rated  on  a  5  point 
scale  (McNair  1971) .  Subjects  rate  how  well  a  given  adjective 
describes  their  present  feelings.  The  65  adjectives  aggregate  into 
6  emotional  dimensions:  Anger,  Confusion,  Depression,  Fatigue, 
Tension,  and  Vigor. 

The  SAM  Fatigue  Scale  is  a  seven  point  self-report  fatigue 
scale.  The  scale  ranges  from  1  (fully  alert;  wide  awake;  extremely 
peppy)  to  7  (completely  exhausted;  unable  to  function  effectively; 
ready  to  drop) .  This  scale  has  been  shown  to  be  sensitive  to 
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fatigue.  Oral  temperatures  were  self-obtained  hourly  using  a 
Becton  Dickinson  (B-D)  Digital  Thermometer. 

The  subjects  spent  the  majority  of  time  between  tests  playing 
computer  games,  which  did  not  change  between  test  sessions.  During 
the  testing  sessions,  subjects  were  not  allowed  to  consume  food  or 
caffeinated  beverages.  Fruit  juices  were  provided  to  all  subjects 
during  the  testing  sessions  and  short  (<5  min. )  toilet  breaks  were 
allowed.  The  testing  room  was  temperature  controlled  in  a 
comfortable  temperature  range  from  68  to  72  degrees  F.,  with 
adequate  lighting  (approximately  800  lux)  for  reading,  writing,  and 
computer  work.  Subjects  were  able  to  interact  with  each  other  and 
the  computer  games  as  desired  between  testing  and  survey  intervals. 

Melatonin  was  obtained  from  Sigma  Chemical  Company,  Food  and 
Drug  Division.  The  appropriate  dose  of  melatonin  was  weighed  and 
mixed  with  methyl  cellulose  and  placed  in  standard  gelatin  capsules 
each  week  prior  to  the  study.  Gelatin  capsules  containing  0  mg,  1 
mg,  10  mg,  and  100  mg  of  melatonin  were  stored  in  separate 
refrigerated  containers,  and  protected  from  light  and  hximidity 
prior  to  dosing. 


ANALYSIS 

A  within-groups  analysis  of  variance  was  used  to  compare  dose 
effects  of  melatonin  on  the  different  measures  over  time.  Subjects 
receiving  the  0  mg  capsule  (n=3)  were  used  as  the  placebo  condition 
for  the  statistical  analysis.  Data  from  the  non-dosed  session. 
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from  the  three  stibjects  who  did  not  receive  a  0  mg  dose  of 
melatonin,  were  used  to  complete  the  data  for  the  0  mg  condition  in 
the  analysis  (n=6) .  There  were  too  few  observations  (n=3)  in  the 
1  mg  dosing  condition  to  be  considered  in  the  analysis.  It  was 
expected  that  a  dose-dependent  relationship  would  be  found  for 
temperature  and  POMS  fatigue  and  vigor  measures,  but  not  for  other 
mood  measures.  One  of  the  siibjects  was  excluded  from  the  analysis 
due  to  ill  health  on  two  of  the  three  dose  days. 

RESULTS 

Salivary  levels  of  oral  melatonin  were  significantly  correlat¬ 
ed  with  serum  levels  as  shown  in  Figure  1  (r  =  0.74;  p  <  0.0001). 
The  dark  vertical  arrow  indicates  the  time  of  melatonin  dosing  in 
all  figures  (0915)  .  The  100  mg  dose  for  serum  and  saliva  was 
significantly  different  from  the  10  mg  and  0  mg  doses  (p  <  0.04 
serum;  p  <  0.0002  saliva).  However,  the  10  mg  dose  was  not 
significantly  different  from  the  0  mg  dose  whether  melatonin  levels 
were  tested  in  saliva  or  serum.  Figure  1  also  shows  that  serum 
and  saliva  levels  for  100  mg  and  10  mg  remained  elevated  through 
the  duration  of  the  study. 

Oral  temperature  was  affected  by  melatonin  in  a  dose  dependent 
manner,  although  not  significantly.  Figure  2  shows  the  change  from 
0800  baseline  levels  for  0  mg,  10  mg,  and  100  mg  doses.  The  peak 
affect  on  temperature  appears  to  begin  3  hours  after  dosing  and  it 
is  maintained  for  at  least  7  hours.  SAM  Fatigue  scores  were  great¬ 
est  at  1200,  as  compared  to  the  0800,  0900,  and  1000  scores 
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Serum/Salivary  Melatonin  by  Dose 


(p  <  0.0004).  There  was  a  significant  dose  by  time  interaction  (p 
<  0.0003)  . 


The  100  mg  dose  caused  a  significant  increase  in  the  average 
POMS  fatigue  score (p  <  0.048)  over  the  10  mg  and  0  mg  doses  as 
shown  in  Figure  3.  The  0  mg  dose  was  not  different  from  the  10  mg 
dose.  Like  temperature,  the  time  course  of  this  effect  peaked  3 
hours  post  dose  and  extended  for  about  7  hours. 


The  average  POMS  vigor  score  (Figure  4)  was  found  to  vary  sig' 
nificantly  by  time  (p  <  .0014).  An  interaction  of  dose  (100  mg) 
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Avarags  Fatigua  Seoraa  ,  ^  liNnp  Changa 


Oral  Temperature  by  Dose 
(Difference  From  Baseline  Value) 


Time  of  Day 

Figure  2 


POMS  Fatigue  by  Dose 


Time  of  Day 

Figure  3 
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POMS  Vigor  by  Dose 


Time  of  Day 

Figure  4 

by  time  (1200  hrs.)  was  found  for  POMS  vigor  (p  <  .03)  compared  to 
placebo. 

The  average  POMS  confusion  score  was  found  to  vary  signifi¬ 
cantly  by  time  (p  <  0.0308)  as  shown  in  Figure  5.  The  1200  POMS 
confusion  score  was  significantly  greater  than  the  POMS  confusion 
scores  noted  at  0800,  1000,  and  1400. 

The  significant  dose  by  time  interaction  for  tension  scores, 
as  shown  in  Figure  6,  represents  an  increase  over  time  by  the 
placebo  group  and  does  not  indicate  an  effect  of  melatonin. 
However  the  lower  tension  scores  for  melatonin  compared  to  placebo 
may  suggest  a  melatonin  effect.  POMS  anger  and  depression  scores 
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were  unaffected  by  the  melatonin  doses  used. 


POMS  Confusion  by  Dose 


Time  of  Day 

Figure  5 


DISCUSSION 

These  results  indicate  that  ingestion  of  melatonin  (10  and  100 
mg)  at  0915  resulted  in  correspondingly  increased  levels  of 
salivary  and  semua  melatonin.  Salivary  levels  would  seem  to 
represent,  on  average,  an  accurate  and  non-invasive  estimate  of 
plasma  levels.  Both  the  10  and  100  mg  doses  decreased  oral 
temperature  as  compared  to  placebo,  however  the  results  were  not 
statistically  significant.  The  lack  of  a  statistically  significant 
temperature  effect  was  probably  due  to  the  small  sample  size  since 
it  has  been  reported  by  others  (Doll ins,  1993)  .  The  results  of  this 
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POMS  Tension  by  Dose 


Time  of  Day 

inves-  Figure  6 

tigation  add  to  the  current  body  of  evidence  that  exogenous 
melatonin  has  significant  fatiguing  qualities.  Melatonin  produced 
significant  increases  in  average  POMS  fatigue  scores  with  both 
doses  as  compared  to  placebo.  Both  melatonin  doses  also  signifi~ 
cantly  reduced  average  POMS  vigor  scores  with  time  as  compared  to 
placebo.  Initial  vigor  scores  were  greater  for  the  10  mg  and  100 
mg  conditions  prior  to  receiving  melatonin  at  0800,  as  shown  in 
Figure  4.  These  data  suggest  that  POMS  vigor  may  be  more  variable 
than  the  other  POMS  dimensions.  However,  Figure  4  reveals  that 
vigor  scores  dropped  for  100  mg  as  the  fatigue  scores  were  rising 
(Figure  3) .  POMS  confusion  and  tension  scores  were  lower  for  the 
two  melatonin  conditions  than  placebo  (Figures  5  and  6)  .  These 
mood  data  may  reflect  a  possible  anxiolytic  effect  of  melatonin. 
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The  long  duration  of  melatonin's  effects  found  here  (7  hours) 
may  be  due  to  the  gel  caps  used.  These  were  noticeably  hardened 
from  exposure  to  humidity  and  temperature  as  compared  to  plastic 
wrap  protected  gel  caps.  This  may  have  slowed  the  cibsorption  of 
melatonin.  However,  it  does  suggest  that  more  slowly  dissolving 
capsules  may  extend  the  benefits  of  melatonin's  effects. 

No  untoward  side  effects  or  adverse  reactions  to  exogenous 
melatonin  were  observed  throughout  the  study.  The  peak  in  the 
average  POMS  confusion  score  at  1200  hours  after  the  0915  dose,  may 
be  related  to  the  lack  of  a  meal  at  a  normal  meal  time.  The 
average  POMS  confusion  score  reverted  to  baseline  with  time  for 
both  doses,  signifying  that  this  is  a  temporary  effect  of  melatonin 
if  it  is  attributable  to  melatonin  at  all. 

CONCLUSIONS 

Future  research  efforts  with  melatonin  should  better  assess 
the  pharmacokinetics  of  exogenous  melatonin  administration.  These 
studies  should  also  focus  on  the  behavioral  and  performance 
decrements  associated  with  daytime  melatonin  administration.  This 
study  was  conducted  to  demonstrate  that  melatonin  can  be  used  as  an 
effective  and  safe  alternative  to  other  agents  to  induce  fatigue 
and  possibly  promote  daytime  sleep.  Future  research  will  focus  on 
using  daytime  melatonin  to  promote  daytime  sleep  and  thereby 
increase  nocturnal  performance.  Operationally,  induction  of 
diurnal  fatigue  may  make  melatonin  an  interesting  compound  for  the 
flight  surgeon  when  considering  ways  to  promote  daytime  sleep  in 
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our  ever  expanding  arena  of  nighttime  operations. 
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